It is reasonable to expect that preparation time is needed to ready a repair facility before a repair can be carried out. A three-unit system with a `preparation time' for the repair facility is studied in this paper. The steady-state availability of such a system is obtained. The asymptotic confidence limits of the steady state availability are obtained numerically.
INTRODUCTION
Reliability theory is a very important branch of systems engineering and operations research and deals with methods of evaluating the various measures of performance of a system that may be subject to gradual deterioration. Any systems analysis, in order to be complete, must give due consideration to system reliability. Multiple unit systems have attracted the attention of many applied probabilists and reliability engineers for their applicability in their respective fields. Kistner and Subramanian [5] considered an n-unit warm standby redundant system with a single repair facility. In this case, the probability density function of the life time of the online unit was assumed to be arbitrary while all the other distributions are exponential; these results were later extended by Subramanian, Venkatakrishnan and Kistner [11] . Gupta and Bansal [3] studied the cost benefit analysis of a single server three unit redundant system with inspection, delayed replacement and two types of repair. A multiple component system in which n identical units connected in series are needed for the system to function, the units being supported by m spares and a single repair facility, Gupta and Bansal [3] have analyzed a cost function for a three unit standby system subject to random shocks and linearly increasing failure rates. The study of n-unit systems, even in the case of cold standbys, appears to be rather complicated. Sarma and Parvez [10] studied a three unit system in which all the distributions assumed are discrete. Muller [7] studied a three unit standby system when the life-times and repair time distributions are assumed to be arbitrary and obtained the expressions for reliability and availability. From the above literature, it is clear that all the models have the assumption that the repair facility is continuously available to attend to the repair of the failed units (Kistner and Subramanian [5] , Krishnamoorthy et al [6] , Bon and Paltanea [1] , Frostig and Levikson [2] and Ke and Pearn [4] . But it is reasonable to expect that a preparation time might be needed to get the repair facility ready before the next repair could be taken up. If this preparation time is started only when a unit arrives for repair, it is easy to solve the problem, since the preparation time plus the actual repair time may be taken as the total repair time. But this preparation time usually starts immediately after each repair completion, so that the facility becomes available at the earliest. In this paper a threeunit standby redundant system is studied in which the preparation time has been introduced (Sarma [9] ; Yadavalli et al [13] , [14] ). Asymptotic confidence limits for the steady state availability are also obtained. The numerical results are presented for the system measures in the last section.
SYSTEM DESCRIPTION

a.
The system consists of three identical units connected in parallel. Either unit performs the system function satisfactorily.
b. There is only one repair facility. Each unit is new after repair.
c. At t = 0, all the units are new and the repair facility is available.
d.
After each repair completion, the repair facility is not available for a random time which is called the `preparation time.
e. The life time, repair time and the preparation time are independent random variables and assumed to have an exponential distribution with parameters λ, µ, and γ respectively.
AVAILABILITY ANALYSIS
Consider the state of the system to be (i , j), where i is the number of failed units, and j is the state of the repair facility such that j = 0 represents that the repair facility is available and j = 1 represents that the repair facility is unavailable. The state transitions are presented in Table 1 .
When n = 3, the possible transitions are presented in Table 2 . 
In the steady-state
Using (9), the steady-state equations for p ij can be obtained as follows. 
Since the system is operable in states (1,0), (0,0), (2,0), (0,1), (1,1), and (2,1), the steadystate availability of the system is given by
ESTIMATES FOR STEADY-STATE PROBABILITIES AND SYSTEM PERFORMANCE MEASURES
Let X 1 ,X 2 ,...,X n be a random sample of failure times for operating units with probability density function (pdf) Let X , Y , Z be the sample means of the time to failure for the operating unit, the time to repair for the failed units, and the time to preparation for the repair facility respectively. 
ASYMPTOTIC COFIDENCE LIMITS FOR THE AVAILABILITY
From the discussion in the previous section,  Â is a real-valued function in X , Y , Z , which is also differentiable using the application of the multivariate central limit theorem due to Rao [8] , it follows that Figure 2 illustrates the repair time (θ 3 ) vs A ∞ for fixed failure and preparation times respectively, while Figure 3 illustrates the preparation time (θ 2 ) vs A ∞ for fixed failure and repair time. From Figure 2 and3 it is clear that for fixed θ 1 as the repair time θ 2 increases, A ∞ decreases. Also, for a fixed θ 1 , A ∞ decreases as the preparation time θ 3 increases. Tables 3 and 4 present the confidence limits (both at 95% and 99%) for different sample sizes. It is observed that, when n increases, the steady-state availability increases.
CONCLUSIONS
This paper develops the evaluation of availability using the difference differential equations for the state probabilities, for a three-unit complex system. The introduction of preparation time for the repair facility makes the system more complex.
The effects of various parameters on the system availability are numerically analyzed. Finally the sensitivity of system availability at specific values of parameters is examined. The numerical investigations indicate that as the preparation time increases the steady--state availability decreases this also holds for the repair time. The confidence limits for different parameters are obtained for different sample sizes. The results indicate that, when the sample size increases the availability increases, which is reasonable. For future study, non-Markovian models can be considered with the same and other assumptions 
